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Overview
e CMB lensing and reconstructions
® Science Goals

® Practicalities: astrophysical foregrounds
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The CMB as a backlight for
nearer objects

Primary Anisotropies

recombination

reionization

A—domination

These appear on small angular scales 200



ACT (2007-2010)
ACTpol (201 3-...)

® Atacama Plateau, Chile

® Wide-field surveys at 148,
220 GHz

® Small beam (1°.4)

® | ow noise
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CMB Lensing

Photons get shifted by 1o f
intervening mass: g /\/\\«‘ V 54 vo
T' () = TV ( + V(n)) 'aﬁj;;’,

Add many deflections along line of sight:

X % .
Vo(n) = —2 /O dx X; XXVﬁP(Xﬂ,X)

e CMB is unique for lensing measurements:
® |t's Gaussian, with well-understood power spectrum

® |ts redshift is (a) unique, (b) known, (c) highest
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Lensing potential ¢(n)
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Effect of lensing
1 7°x17°

L2 B

lensing potential
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Effect of lensing
1 7°x17°

lensing potentlal lensed cmb
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Lens-induced CMB Mode Coupling

T(n) =T" (A + Vé(n))

=TY(n) + VTY(n) - Vo(n) +....

® |ens-induced mode coupling for 11 # —13

(T()T()) = f(l1,l2)¢(L)

L=1+I

lcMBI

lcMB2




ReCOnStrUCtiOn idea (Zaldarriaga 1999, Hu 2001)

ly

lcMBI

lcMB2

H(L) ~ Y TUT(L 1)
l,

quadratic estimator

Use small-scale
. temperature modes

to reconstruct
large-scale lensing
modes
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Simulated Reconstruction Results

I n PUt ReCOve I"ed (filtered for large scales)
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Lensing Power Spectrum
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Timeline: CMB lensing detections
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Future

ACTpol, SPTpol
~ 600
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What is it good for?

® Now: curvature
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Planck does better; see Duncan’s talk

® Future:2my
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Contamination from Astrophysical Foregrounds

17°x17°

tSZ simulation
(Sehgal et al 2009) Reconstructed

Unmodified IenSing
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Contamination from Astrophysical Foregrounds
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® Sunyaev-Zeldovich clusters 15010

® Compute bias, using
simulations (sengai+ 2009 fupdated], B
¢ 1.010°H
Bhattacharya+ in prep.) and theOI‘)’ sj

® Few % bias - needs to be

modeled & subtracted 5.010°
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Example: bias from tSZ trispectrum
van Engelen+ in prep.
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Contamination from Astrophysical Foregrounds

Radio sources
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® To do: polarized sources

Example: bias from tSZ trispectrum
van Engelen+ in prep.
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Summary

® | ensing has recently moved from “detection” to “precision
measurement”

® ACTpol, SPTpol are coming soon - many |0s of sigmas

® Foreground biases become important for %-level
measurements (Zmy,w, ...) -- we have a handle on modelling

them.
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